BACKGROUND/OBJECTIVES: Overfeeding in critically ill patients is associated with many complications. Propofol, dextrose infusion and citrate dialysis provide non-nutritional calories (NNCs), potentially causing overfeeding. The relevance of NNCs for total caloric intake has not been systematically studied. SUBJECTS/METHODS: We retrospectively studied adult mechanically ventilated intensive care unit (ICU) patients receiving enteral nutrition with or without supplemental parenteral nutrition. Primary outcome was the proportion of NNCs (from dextrose, propofol and trisodium citrate) to the total energy intake during the first 7 days after ICU admission. In addition, NNC intake groups were compared. RESULTS: In total, we identified 146 patients: 142 patients with NNC median value of 580 kcal (interquartile range 310-1043 kcal) over 7 days and 4 patients without NNC intake. The mean proportion of NNCs was larger during the first days after ICU admission (30.7-36.1%), because of the start-up phase of the nutrition. In the 'propofol' group and the 'dextrose' group this proportion levelled off at 6% on day 4. A more stable proportion of 18% was found during the first 7 days of ICU admission in the 'citrate' group. CONCLUSIONS: The mean proportion of NNCs in patients who receive dextrose and/or propofol is low (6%); however, in individual patients it may comprise one-third of the total daily calories. Patients receiving trisodium citrate have higher mean non-nutritional intakes (18%). As NNC intake can be marked in individual patients, close monitoring is warranted when administering high-dose propofol or trisodium citrate anticoagulation to prevent overfeeding.
INTRODUCTION
Overfeeding in critically ill patients is associated with many complications, such as hyperglycaemia due to increased insulin resistance, hepatic steatosis, infectious morbidity and even mortality. Furthermore, overfed patients have an increased intensive care unit length of stay (ICU LOS) at least partly because of longer duration of mechanical ventilation. 1, 2 Although heavily debated, a recent study showed that withholding nutrition preserved autophagy in the first week of ICU admission; however, others believe that this is poorly substantiated and should not interfere with the delivery of early enteral nutrition during critical illness. 3 Propofol, dextrose infusion and trisodium citrate anticoagulation during renal replacement therapy can be considered as the major sources of NNCs. When these calories are not taken into account, patients may be at risk of overfeeding.
Dextrose contains 4 kcal/g. Therefore, a 5% dextrose infusion of 1 L (5 g per 100 ml) provides 4x5x10 = 200 kcal. 4 The currently available preparation of propofol contains 1-2% propofol, 10% soya bean oil, 1.2% purified egg phospholipid as an emulsifier, 2.25% glycerol as a tonicity-adjusting agent and sodium hydroxide to adjust the pH. Propofol contains 1.1 kcal/ml. 5 Therefore, at an infusion rate of 20 ml/h over 24 h, the caloric value of the propofol infusion is 20x1.1 × 24 = 528 kcal.
Trisodium citrate (Na 3 C 6 H 5 O 7 ), frequently used as a regional anticoagulant during continuous renal replacement therapy (CRRT), is another source of energy. The quantity of energy depends on a number of factors (i.e., the concentration used). We use trisodium citrate containing 0.59 kcal/mmol ( = 3 kcal/g). The actual caloric load due to citrate dialysis is more difficult to determine as it depends on a number of factors such as the concentration of trisodium citrate used, the infusion rate, the blood flow in the filter, the filtration fraction into the ultrafiltrate over time (Sieving coefficient), 6 the ultrafiltrate production per hour and the filter characteristics. Citrate is rapidly metabolised in the citric acid cycle, particularly in the liver, muscles and renal cortex. 7 We calculated citrate exposition based on a Sieving coefficient of 0.22, and the actual citrate administration rate, ultrafiltrate production and blood flow in individual patients on an hourly basis.
We designed a study to evaluate the relevance of the actual intake of NNCs among adult critically ill mechanically ventilated patients during the first week after ICU admission, for this study limited to the calories from dextrose infusions, propofol administration and trisodium citrate during CRRT (continuous venovenous haemofiltration in our ICU), among adult critically ill mechanically ventilated patients during the first week after ICU admission. We addressed the daily contributions of NNCs to the total caloric intake, the variability and the importance of the three NNC sources to identify patients at risk of overfeeding because of NNC administration when combined with artificial nutrition.
MATERIALS AND METHODS

Study design
We performed a retrospective analysis in a mixed medical-surgical ICU in a university-affiliated general teaching hospital (Gelderse Vallei Hospital, Ede, The Netherlands).
Patient population
The patient database of a retrospective pre-post study evaluating the impact of an electronic nutrition protocol on the adequacy of nutrition delivery in our ICU was used. 8 Therefore, inclusion criteria were similar: adult mechanically ventilated critically ill patients (⩾18 years and ventilated for at least 72 h), admitted to the ICU for at least 72 h, receiving enteral and/or parenteral feeding. Exclusion criteria were readmission during the same hospital stay, oral feeding or oral feeding commenced during the first 7 days of ICU admission. In addition, patients discharged to another hospital were excluded.
Data extraction
Baseline characteristics were listed: age at admission, gender, primary admission diagnosis, baseline Acute Physiology and Chronic Health Evaluation (APACHE II) and Sequential Organ Failure Assessment (SOFA) scores, several baseline blood tests, sepsis diagnosis, admission type (medical, elective and non-elective surgery), comorbidities, Nutrition Risk in Critically ill (NUTRIC) score 9 and percentage of patients who received NNCs (dextrose infusion (5% or more), propofol and renal replacement therapy with trisodium citrate).
Outcomes
Primary outcome was the proportion of NNCs to the total caloric intake during the first 7 days after ICU admission. In case patients were discharged earlier, we only used the data available during ICU admission. NNCs were identified as calories from dextrose, propofol and trisodium citrate. To facilitate clinical identification of patients at risk in a second analysis, we assigned patients to specific subgroups: patients who received dextrose infusion during at least 1 day in the first 7 days of ICU admission ('dextrose' group). Similarly, propofol and citrate patients were grouped ('propofol' group and 'citrate' group, respectively). As a consequence, patients may have been enrolled in more than one group. Furthermore, these three subgroups were compared with the respective patients without administration of dextrose, propofol or trisodium citrate NNCs. To test the impact of the protocol change, we tested whether the total intake of both nutritional and NNCs was nonsignificant comparing both periods to be able to combine all results.
Prediction model
To be able to identify patients with high cumulative NNC intake during the first week, we performed univariate analyses including the following covariates into the model: age, gender, length and weight at admission, body mass index, days between hospital admission and ICU admission, diagnosis group (cardiovascular, gastrointestinal, haematological, metabolism, neurological, renal or respiratory), APACHE II score, SOFA score, sepsis, admission type (medical, elective surgery, urgent surgery), number of comorbidities, Malnutrition Universal Screening Tool (MUST) score, NUTRIC score and blood tests on the first day of ICU admission (haemoglobin, leucocytes, thrombocytes, creatinine, sodium, potassium, phosphate, albumin, magnesium, bilirubin and glucose). For this analysis, we only used patients with an ICU LOS of 7 days or more. Subsequently, we inserted only univariate covariates with P levels o0.10 into a multivariate analysis to predict NNC intake over the first week. The results were used to design an NNC prediction model of baseline characteristics. We decided to use an energy intake from NNCs of at least 5 kcal/kg during the first 7 days of ICU admission as clinically relevant.
Ethics approval
The institutional review board of Gelderse Vallei Hospital approved the study and waived informed consent for reasons of the retrospective design and anonymisation of patient identifiers before analysis.
Statistical analysis
Descriptive data were reported as means and s.d. or median and interquartile range (IQR) in case of skewed distributions, frequencies and percentages or ranges (minimum-maximum). Continuous variables were analysed using independent-sample T-test. Univariate and multivariate models were tested using stepwise logistic regression tests. All statistical analysis were made using IBM SPSS Statistics for Windows, version 22.0 (released 2013; IBM Corporation, Armonk, NY, USA). The a priori level of significance was set at Po0.05.
RESULTS
Baseline characteristics
The patient database of a previous study with a pre-post design was used. No significant differences were observed between the two groups (before and after protocol implementation) in NNCs as percentage of the total caloric intake during the first week of ICU admission: mean of 9.3% (s.d. ± 8.2) before implementation vs 10.4% (s.d. ± 12.6) after implementation (P = 0.52). There were also no significant differences between the specific subgroups (citrate and non-citrate, dextrose and non-dextrose and propofol and non-propofol) (see Table 1 ). Therefore, we have taken the two groups together into one group.
A total of 146 patients were included in the study: 90 men (61.6%) and 56 women, with a mean age of 65.9 years (s.d. ± 14.3). Of these patients, 39% were admitted to the ICU for cardiovascular reasons, followed by respiratory causes (29.5%) and gastrointestinal diagnoses (21.9%). The mean baseline APACHE II score was 21.5 (s.d. ± 7.5), and the median baseline SOFA score was 3.0 (IQR 2.0-5.0). Of all patients, 42.5% were diagnosed with sepsis. Patients who did not receive, respectively, citrate, dextrose (⩾5%) or propofol during the first 7 days of ICU admission.
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The mean NUTRIC score was 4.1 (s.d. ± 1.7). 9 More characteristics are depicted in Table 2 .
Nutritional and NNCs in all patients All patients had low caloric intakes on the first day of ICU admission; the median value was 205 kcal (IQR 48-443 kcal). On day 1, the mean proportion of NNCs was 31.7%. Nutritional caloric intake increased gradually to full support around day 3 ( Figures 1 and 2 ). Mean highest caloric intakes from propofol and dextrose were observed on the second day (81 and 107 kcal, respectively), stabilising at a lower level around day 4. Mean caloric intake due to trisodium citrate gradually increased during the first week after ICU admission (Table 3) .
Patients with renal replacement therapy (trisodium citrate CVVH) Total nutritional and NNC intake in the first week are depicted in Table 4a . Among patients with renal replacement therapy (trisodium citrate CVVH; the citrate group, n = 12), median total energy intake over 7 days because of trisodium citrate was 495 kcal (IQR 245-1860 kcal), reflecting a mean of 141 kcal per day. Median caloric intake over 7 days from dextrose was 340 kcal (IQR 148-675 kcal) and for propofol it was 55 kcal (IQR 0-235 kcal). Comparing this subgroup with all patients who did not receive trisodium citrate (N = 135), there was a significant difference between the total NNCs (1589 kcal (s.d. ± 792) vs 684 kcal (s.d. ± 595), Po0.001; Table 4b ). The caloric intake from trisodium citrate gradually rose over time during the first week. At day 7, mean energy of trisodium citrate was 263 kcal (s.d. ± 208) (see Table 3 ); this is 17.8% of the total caloric intake on day 7. The proportion of NNCs on day 1 is 28.5% of the total intake and from day 3 this levelled off at 17-22% ( Figure 1 ).
Patients with dextrose infusion
Among patients with dextrose infusions (N = 131), median intake from dextrose over 7 days was 380 kcal (IQR 200-550 kcal), from propofol it was 100 kcal (IQR 0-360 kcal) and from trisodium citrate it was 0 kcal (IQR 0-0 kcal). There were no significant differences in NNC intake between the dextrose infusion group and the group without dextrose infusion (767 kcal (s.d. ± 629) vs 625 kcal (s.d. ± 858), P = 0.54; Table 4c ). On day 1, the proportion of NNCs was 48.6% (s.d. ± 35.9), and this levelled off at about 6% around day 5 ( Figure 1 ).
Patients with propofol infusion
Among patients with propofol (N = 100) administration, median intake from propofol during the first 7 days was 230 (IQR 85-595) kcal, from dextrose it was 380 kcal (IQR 165-605 kcal) and from trisodium citrate it was 0 kcal (IQR 0-0 kcal). Compared with the group without propofol, we observed significant differences between the NNCs (915 kcal (s.d. ± 672) vs 400 kcal (s.d. ± 446), P ⩽ 0.001), and also significant differences in the amount of dextrose infusions between the two groups (415 kcal (s.d. ± 339) vs 292 kcal (s.d. ± 211), P = 0.008; Table 4d ). During the first day, the proportion of NNCs was 49.4% (s.d. ± 34.1), gradually decreasing to 6% on day 4 ( Figure 1 ).
Prediction model A total of 115 patients stayed in the ICU for at least 7 days. We excluded 31 patients (length of stay o 7 days).
In univariate analysis, we found significant effects for the following baseline covariates associated with a total NNC intake of at least 5 kcal/kg during the first 7 days: age, days between hospital admission and ICU admission, sepsis, admission type (urgent surgery), MUST score and haemoglobin level (Table 5) .
In the multivariate analysis, the only factor significantly predicting NNC intake during the first week was male gender and odds ratio of 0.31 (95% CI: 0.11-0.89). The energy from NNCs was higher in women: male vs female 0.91 (s.d. 7.49) vs 12.01 (s.d. 10.86), P-value 0.096.
DISCUSSION
A total of 146 mechanically ventilated critically ill patients were included in the study. Of these, only 4 patients (2.7%) did not receive any NNCs during the first 7 days after ICU admission, suggesting that NNC intake is common in the ICU.
The mean proportion of any three of the NNC sources on the first day of ICU admission was relatively large: 31.7%. This can be explained by the fact that the proportion is mainly affected by low caloric feeding that is typically present during the first days after admission. While gradually increasing nutritional intake, the average NNC intake levelled off at~6% of the total calories on day 4. Although the proportion of NNC may be substantial early after ICU admission, the total caloric intake still is low, thus minimising the risk of overfeeding. However, when nutritional support is advancing to target the risk of overfeeding may increase when also NNCs are provided to ICU patients.
The 'propofol' group and 'dextrose' group are comparable to the total group with an NNC intake of~35% of the total amount Non-nutritional calories during the first 7 days of ICU admission.
Relevance of Non-Nutritional Calories in ICU patients E Bousie et al of calories on day 1 levelling off at~6% on days 4 and 5. However, propofol administration and thus the contribution to NNCs is highly variable and is markedly associated with the actual sedation regimen of the institution.
However, in the 'citrate' group NNC intake at day 1 is slightly lower (28%). However, this proportion is more stable during the first 7 days at~18% and even gradually increases over days. This may reflect the development of acute kidney injury and the need to start CRRT. Typically, in patients with acute kidney injury, oliguria or complications of renal insufficiency may be encountered over days after ICU admission. Therefore, citrate anticoagulation will commence later than, for example, propofol administration, a common sedative in mechanically ventilated patients. In addition, the administration of citrate will continue for days. We noticed a gradual increase in citrate administration over days, reflecting our protocol aiming at a level of hypocalcaemia in the filter to reach an anticoagulation level sufficiently to prevent clotting in the dialysis filter, leading to larger infusion rates of citrate over time.
When comparing those patients on dextrose infusionstypically 5% was used-with those without dextrose administrations, no statistically different caloric intake was noticed. Therefore, monitoring dextrose calories does not seem relevant, although when recommending to abandon monitoring dextrose calories it should be considered that no high-dose (10-50%) dextrose administration was used in our patients.
NNC intake in critically ill patients cannot be easily predicted with an acceptable accuracy. On the basis of multivariate analysis, only female gender seemed to increase the odds of NNC intake during the first week after ICU admission.
Weijs et al. 10 reported in a study among 843 intensive care patients (307 patients were overfed) a daily energy intake of 132 kcal per day from non-nutritional sources (propofol and dextrose infusion). NNCs comprised 7.9% of total energy intake (6.4% in overfed patients vs 10.1% in non-overfed patients). We found a lower average daily intake of 115 kcal per day from non-nutritional sources. This is remarkable, as our data not only reflect the energy from propofol and dextrose infusion but from trisodium citrate as well, and therefore a higher intake would be expected. We found a proportion of 9.9% of the total energy intake. Notably, Ravasco and Camilo 11 reported energy intake from NNCs (only propofol and dextrose infusion) to be 659 kcal per day, a larger proportion of 32.4%. 11 However, this was a relatively small study of 44 ICU patients. Taken together, these findings clearly suggest that large variability in NNCs may be encountered in individual patients, thus underlining the importance of individual patient monitoring for the most relevant sources of NNCs.
Our results should be valued in the context of the ongoing debate on optimal nutritional support for critically ill patients in the first week of ICU admission. 12 Should we aim for full nutritional support or is trophic feeding acceptable? 13 In the EPaNIC trial, Casaer et al.
14 compared 2312 adult critically ill patients with early initiation of parenteral nutrition with 2328 patients with late initiation to supplement enteral nutrition not reaching goals. They found that late initiation of supplemental parenteral nutrition was associated with faster recovery and fewer Proportions of nutritional and NNCs in the first 7 days of ICU admission. On the X axis, the day of ICU admission and the total of the first 7 days of admission, and on the Y axis, the calories from dextrose (blue), propofol (red), citrate (green) and nutrition (purple) of the total calories.
Relevance of Non-Nutritional Calories in ICU patients E Bousie et al complications. Arabi et al. 15 assigned 894 critically ill adult patients from seven centres to permissive underfeeding (40-60% of the calculated target) or standard enteral feeding (70-100% of the calculated target) for up to 14 days while maintaining the protein intake in both groups. They found that the 90-day mortality was similar-27.2% in the permissive-underfeeding group and 28.9% in the standard-feeding group died (relative risk with permissive underfeeding, 0.94; 95% CI: 0.76-1.16; P = 0.58)-suggesting that trophic feeding is as good as full feeding. However, from observational data, it is known that increasing caloric intake and protein intake early after ICU admission only confers lower mortality in patients with BMIs o25 and 435 mg/kg 2 . 16 In all the studies, performed on trophic feeding, patients were slightly overweight (BMI 25-30 mg/kg 2 ) and with low numbers of patients with high nutritional risk as expressed by high NUTRIC scores. 13 This could imply that in these patients trophic feeding may be acceptable; however, this concept has not been proven in high-risk patients (lower and higher BMI classes and high NUTRIC scores). Therefore, as also no harm of full feeding except for early delivery through the parenteral route has been demonstrated, full nutritional support can still be recommended. 13 Moreover, Singer et al. 17 performed the TICACOS trial, comparing a study group receiving mainly enteral nutritional support based on energy targets determined by repeated indirect calorimetry measurements (n = 65) and a control group targeting 25 kcal/kg per day (n = 65). They found that patients in the indirect calorimetry group achieved higher mean energy (2086 vs 1480 kcal per day, P = 0.01) and protein intake (76 vs 53 g per day, P = 0.01), associated with a trend toward improved hospital mortality (32.3% vs 47.7%, P = 0.058), whereas length of ventilation (16.1 vs 10.5 days, P = 0.03), ICU stay (17.2 vs 11.7 days, P = 0.04) and the amount of infectious complications (37 vs 20, P = 0.05) were increased. More studies are ongoing.
As the jury is still out on optimal nutritional support in critical illness, and whether trophic or full nutrition can be recommended, there is general belief that hypercaloric feeding should be avoided, as this is associated with increased morbidity and mortality. Therefore, close monitoring of NNCs to prevent overfeeding is of pivotal importance.
Strengths and limitations
Although some research has been carried out on NNCs with respect to propofol and dextrose infusions, a strength of this study is the inclusion of calories from citrate administration. Tight monitoring of caloric intake from nutritional sources allowed a precise calculation of daily caloric intake from nutrition, allowing detailed calculations of both nutritional and NNCs. Therefore, we were able to exactly calculate proportions.
However our study has several limitations. Because of the retrospective observational design, some bias may have been introduced. We have tried to circumvent this by including consecutive patients meeting the inclusion criteria. Although we could not demonstrate any effect of the pre-post period of Figure 2 . Absolute calories (nutritional and non-nutritional) of the first 7 days of ICU admission. On the X axis, the day of ICU admission and the mean of the first 7 days, and on the Y axis, the kcal per day from dextrose (blue), propofol (red), trisodium citrate (green) and nutrition (purple).
Relevance of Non-Nutritional Calories in ICU patients E Bousie et al protocol implementation on NNC intake in our cohort, an effect in individual patients cannot be ruled out. Furthermore, patients with an ICU LOS of at least 72 h were only included, limiting generalisability for patients with shorter LOS. In addition, caloric targets of patients were not based on measurements of resting energy expenditure (REE) but by estimation using the WHO/FAO/ UNU equations. As energy expenditure formulae often overestimate the caloric needs of patients, this may only strengthen the role of NNCs, as when actual resting energy expenditure is lower the contribution of NNC is more relevant. Our selection criteria ultimately resulted in inclusion of only 12 patients who received CRRT. Therefore, the impact of trisodium citrate on NNCs needs more research, and present results preclude strong recommendations. Furthermore, CRRT itself may also affect energy expenditure, by decreasing energy expenditure through cooling of blood in the extracorporeal circuit conferring lower body temperatures. However, increases in energy expenditure may arise when patients counteract drops in body temperature in the presence of an extracorporeal circuit. Last, also nutrient loss across haemofilters has been described. Relevance of Non-Nutritional Calories in ICU patients E Bousie et al CONCLUSIONS NNC intake on day 1 after ICU admission is large; however, because of low caloric feeding while advancing nutritional support, the overfeeding risk is low. The mean proportion of NNCs in patients who receive dextrose and/or propofol is low (6%) during the first week; however, in individual patients it may comprise one-third of the total daily calories. Monitoring dextrose calories seems irrelevant. Patients receiving trisodium citrate for renal replacement therapy anticoagulation have higher mean non-nutritional intakes (~18%). Predicting higher non-nutritional intake on ICU admission is difficult if not possible at all, although women in our study seem to have higher NNC intake. As this intake can be marked in individual patients, close monitoring is warranted when administering high-dose propofol or trisodium For energy from non-nutritional calories during the first week after ICU admission.
Relevance of Non-Nutritional Calories in ICU patients E Bousie et al citrate anticoagulation to prevent overfeeding, particularly when nutritional support is reaching set energy targets.
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